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Abstract
Incubation of Jurkat cells in the presence of H2O2 either directly added to the culture medium or generated with glucose
oxidase, menadione or the couple xanthine/xanthine oxidase induced a marked decrease of phosphatidylserine synthesis in
the absence of changes in the synthesis of phosphatidylcholine and phosphatidylethanolamine. Concentration dependent
response curves indicated that H2O2 induced inhibition of phosphatidylserine synthesis with an IC50 = 5 WM while both
induction of tyrosine phosphorylation of proteins and Ca2 signals were obtained with an EC50 = 300 WM. The tyrosine
kinase and Ca2 independent mechanism was confirmed by comparing the H2O2-induced and the CD3-induced inhibition of
phosphatidylserine synthesis using several Jurkat clones differing in the expression of cell surface receptors such as CD3/TCR
and CD45 and protein tyrosine kinase such as p72syk, ZAP-70 and p56lck. While CD3-induced inhibition of
phosphatidylserine synthesis necessitates protein tyrosine phosphorylation and Ca2 signals, H2O2 provoked its effect in
all the clones studied independently of the presence or absence of the proteins previously shown to be key elements in T cell
signal transduction. Conversely, the antioxidant molecule, butylated hydroxanisole, generates an increased PtdSer synthesis,
suggesting that the synthesis of this phospholipid is regulated by the redox status of the cells. ß 2001 Elsevier Science B.V.
All rights reserved.
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1. Introduction
T cell activation through the CD3/T cell receptor
complex involves the phosphorylation on tyrosine
residues of several protein tyrosine kinases belonging
to two di¡erent families, the src family that includes
p56lck and p59fyn and the syk family with p72syk and
ZAP-70. These kinases recruited to the CD3 chain of
the T cell receptor act in concert to phosphorylate
phospholipase CQ1 (PLCQ1). Activated PLCQ1 hydro-
lyzes phosphatidylinositol bisphosphate into the sec-
ond messengers inositol trisphosphate (IP3) and di-
acylglycerol (DAG). DAG activates protein kinase C
while IP3 is responsible for the release of Ca2 from
intracellular stores [1,2]. Previous reports have shown
that emptying intracellular Ca2 stores in lympho-
cytes [3] as well as in other cells [4,5] reduces the
activity of the serine-base exchange enzyme system
(serine-BEES), the enzyme responsible for phospha-
tidylserine (PtdSer) synthesis in mammalian cells.
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Serine-BEES is a Ca2 dependent enzyme [6,7] lo-
cated in the endoplasmic reticulum [8,9] that cata-
lyzes the replacement of the polar head group of
phospholipids, either phosphatidylcholine (PtdCho)
or phosphatidylethanolamine (PtdEtn), by a serine.
In T cells as well as in other cells, bypassing signals
generated by triggering cell surface receptors using
Ca2 ionophores (ionomycin or A23187) or the
Ca2-ATPase blocker, thapsigargin, directly induces
the release of Ca2 from the endoplasmic reticulum
and as a consequence generates a strong inhibition of
PtdSer synthesis. The mechanism of inhibition of
PtdSer synthesis thus is mainly due to a deprivation
of the serine-BEES of its Ca2 cofactor.
On the other hand, it has been shown recently that
reactive oxygen species (ROS) can mimic CD3-in-
duced T cell activation events. For example, it has
been shown that hydrogen peroxide (H2O2) induces
the phosphorylation on tyrosine residues of the pro-
tein tyrosine kinases ZAP-70 [10,11] and p56lck [12^
14], an e¡ect attributed to an H2O2-induced protein
tyrosine phosphatase inhibition [15]. H2O2 also in-
duces Ca2 signals in Jurkat T cells. The late T cell
activation-induced events such as the activation of
the nuclear factors NF-UB and AP-1 were also in-
duced by ROS [16,17] and ¢nally it has been shown
that H2O2 induces gene expression of interleukin-2
(IL-2) and the IL-2 receptor K chain [18].
Here we have examined whether H2O2 is able to
modify the activity of the serine-BEES in the widely
used T cell model, Jurkat. It was found that H2O2
strongly inhibits PtdSer synthesis. This e¡ect was
compared to others H2O2-induced e¡ects, i.e. Ca2
signaling and protein tyrosine kinase activation, and
the results clearly showed that H2O2 can bypass the
early CD3-induced T cell activation signals.
2. Material and methods
2.1. Cells
The human T cell line Jurkat kindly supplied by
Dr. A.M. Schmitt-Verhulst (Centre d’Immunologie,
Marseille-Luminy, France) was cloned by limiting
dilution. Clone D (J D) was selected on its interleu-
kin-2 production when activated with CD3 monoclo-
nal antibody (mAb) or phytohemagglutinin and the
phorbol ester, PMA. J E6.1 (ATCC TIB 152), J CaM
1.6 (ATCC CRL-2063), a Jurkat mutant defective in
p56lck tyrosine kinase, J R3 T3.5 (ATCC TIB 153), a
mutant that does not express the CD3/TCR complex
and J 45.01 (ATCC CRL-1990), a CD45 de¢cient
clone, were also used. These clones, derived from
the parental cell line J E6.1, were purchased from
the American Type culture Collection. J D and J
E6.1 clones di¡er by the presence (J D) or absence
(J E6.1) of the protein tyrosine kinase p72syk. J P116,
a Jurkat clone de¢cient in both ZAP-70 and Syk
protein tyrosine kinases, was obtained from M.
Deckert (INSERM 343, Nice). Cells were cultured
in RPMI 1640 (Gibco, Cergy Pontoise, France) sup-
plemented with 5% fetal calf serum (Biowhitaker,
Fontenay, France), 50 units/ml penicillin, 50 Wg/ml
streptomycin, 2 mM L-glutamine and 1 mM pyru-
vate.
2.2. Chemicals
Tritiated labeled products, either L-[3-3H]serine
(0.74^1.48 TBq/mmol), [methyl-3H]choline chloride
(2.22^3.14 TBq/mmol) or [1-3H]ethan-1-ol-2-amine
hydrochloride (0.56^1.48 TBq/mmol), were pur-
chased from Amersham France (Les Ulis, France).
Hydrogen peroxide, 30% (w/w) solution, xanthine
(2,6-dihydroxypurine), uric acid and menadione so-
dium bisul¢te were from Sigma. The enzymes xan-
thine:oxidoreductase (EC 1.1.3.22) and L-D-gluco-
se:oxygen 1-oxidoreductase (EC 1.1.3.4) were from
Sigma.
2.3. Phospholipid synthesis
Jurkat cells (2U106) were maintained in 0.5 ml of
a bu¡er (pH 7.4) containing 137 mM NaCl, 2.7 mM
KCl, 2.5 mM glucose, 20 mM HEPES, 1 mM
MgCl2, 1 mM CaCl2, at 37‡C in the presence of
either 4 WCi/ml of [3H]serine, [3H]choline or
[3H]ethanolamine. After an incubation period vary-
ing from 0 to 2 h (see the legends of the ¢gures), the
cells were rapidly sedimented in an Eppendorf cen-
trifuge and the supernatants were discarded. The cel-
lular phospholipids were extracted using chloroform/
methanol according to Bligh and Dyer [19]. This two
step extraction procedure allowed the determination
of 3H-labeled products incorporated into the cells by
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measuring by scintillation counting a 25 Wl sample of
the methanol/chloroform extract. Then the addition
of chloroform and water allowed the separation of
the organic and aqueous phases. The lipid extract
(organic phases) were analyzed by thin layer chroma-
tography on LK6D chromatography plates (What-
man) in a solvent system composed of chloroform/
methanol/acetic acid/water (75:45:12:3). Authentic
phospholipid standards (Sigma) were run in parallel
and detected with iodide vapors. Radioactivity in
lipid spots was determined using an automatic line-
ar radiochromatography analyzer, Tracemaster 20
(Berthold), equipped with an 8 mm window and
the integration software supplied by the manufac-
turer.
2.4. Measurement of changes in cytosolic Ca2+
concentration
Cytosolic Ca2 concentration was assayed using
Indo-1 and £ow cytometry. Cells (5U106/ml) were
loaded with 4 WM Indo-1-AM at 37‡C for 1 h and
resuspended at 106/ml in HEPES-bu¡ered saline
(HBS) (140 mM NaCl, 5 mM KCl, 1 mM CaCl2,
1 mM MgCl2, 10 mM glucose, 20 mM HEPES,
0.1% BSA, pH 7.4). Analyses were performed at
room temperature on a £uorescence activated cell
sorter (FacStar, Becton Dickinson) ¢tted with two
argon lasers, one tuned to 488 nm and the other to
UV. The £uorescence excited by UV was measured
at 400 nm (corresponding to the complex Indo-1^
Ca2) and at 480 nm (corresponding to free Indo-
1). The ratio of the ¢rst to the second £uorescence
allows the evaluation of [Ca2]i independently of the
cell size and the intracellular Indo-1 concentration.
The £ow rate was set to about 1000 cells/s and the
mean ratio of 3000 cells was noted every 30 s. Dam-
aged cells and debris were gated out, according to
the dual scatter dot plot from the blue laser.
2.5. Phosphorylation of proteins
Cells (2.5U106) in complete culture medium were
incubated for di¡erent periods of time (see the ¢gure
legends) at 37‡C with the indicated reagents, then
washed in ice-cold bu¡er (150 mM NaCl, 20 mM
HEPES, 100 mM EDTA, 10 mM Na4P2O7, 2 mM
Na3VO4, 100 mM NaF, 1 mM PMSF, 10 Wg/ml
leupeptin and 100 units/ml aprotinin, pH 7.4) har-
vested and lysed by a 30 min incubation at 4‡C in
the same bu¡er containing 1% Nonidet P-40. Lysates
were centrifuged at 15 000Ug and supernatants ana-
lyzed by SDS^PAGE on 10% acrylamide gels, then
transferred to nitrocellulose (Immobilon-P, Milli-
pore, St. Quentin en Yveline, France). The mem-
branes were saturated for 16 h at 4‡C in bu¡er (50
mM Tris^HCl, 150 mM NaCl, 5% BSA and 0.5%
Nonidet P-40, pH 7.5, then incubated in the same
bu¡er with 1 Wg/ml of anti-phosphotyrosine Ab
(4G10, UBI) coupled to peroxidase for 2 h at
23‡C. They were washed four times, then membranes
were revealed with the enhanced chemiluminescence
Table 1
The presence of catalase abolished the H2O2-induced inhibition of PtdSer synthesis
E¡ectors PtdSer synthesis (cpm þ S.D.) [3H]Serine uptake (cpm þ S.D.)
None 710 þ 46 34 727 þ 1 358
Catalase 768 þ 26 35 535 þ 2 146
H2O2 25 WM 395 þ 20* 33 620 þ 2 123
H2O2 50 WM 103 þ 6* 28 309 þ 3 125
H2O2 25 WM+catalase 566 þ 58 35 636 þ 1 589
H2O2 50 WM+catalase 534 þ 48 30 650 þ 1 625
Glu. oxidase 1 U 252 þ 24* 32 255 þ 2 125
Glu. oxidase 2 U 152 þ 16* 32 369 þ 3 012
Glu. oxidase 1 U+catalase 698 þ 49 30 258 þ 2 542
Glu. oxidase 2 U+catalase 682 þ 30 31 563 þ 2 036
Cells were incubated for 2 h either in the presence of catalase, glucose oxidase or both enzymes or catalase and H2O2. PtdSer synthe-
sis was measured after lipid extraction and thin layer chromatography. The total [3H]serine incorporation into the cells was measured
on a portion of the chloroform/methanol extract as described in Section 2.
*Signi¢cantly di¡erent from controls at P6 0.01.
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kit (ECL, Amersham, UK) and submitted to auto-
radiography.
2.6. Cell viability
Cell viability was controlled by the technique of
trypan blue exclusion and in some occasions induc-
tion of apoptosis was measured by studying DNA
fragmentation by electrophoresis in agarose gels (re-
sults not shown). No signs of necrosis or apoptosis
were observed during the time of the experiments (2
h). CD95 mAbs (CH11) used as positive control in-
duced DNA fragmentation within 2 h while H2O2-
treated cells (1^50 WM) remained una¡ected by the
treatment.
3. Results
3.1. Production of ROS inhibits PtdSer synthesis
In a ¢rst set of experiments, we studied whether
the generation of ROS could in£uence PtdSer syn-
thesis. For this purpose, Jurkat cells were maintained
for 1 h in the absence or presence of di¡erent
amounts of glucose oxidase (Fig. 1A). A strong
and concentration dependent reduction of PtdSer
synthesis measured as the amount of [3H]serine spe-
ci¢cally incorporated into PtdSer was observed. Sim-
ilarly, incubation of the cells with xanthine (1 mM)
plus xanthine oxidase (0.01^0.1 units) (Fig. 1B) re-
sulted in a decreased PtdSer synthesis. Control ex-
periments with xanthine alone, xanthine oxidase
alone or uric acid (the end product of the enzyme
action) remained without e¡ect, suggesting that ROS
production (hydrogen peroxide in these models) was
responsible for the inhibition observed. Also, treat-
ment of the cells with menadione at di¡erent concen-
trations (Fig. 1C) resulted in similar observations.
3.2. Inhibition of PtdSer synthesis with H2O2
To con¢rm the role of H2O2 production, Jurkat
cells were treated directly with H2O2 and PtdSer syn-
thesis was monitored both in function of the H2O2
concentration (Fig. 2A) and in function of the incu-
bation time (Fig. 2B). The concentration dependent
response curve indicated that H2O2 inhibited PtdSer
synthesis with an IC50 = 5 WM. The kinetic experi-
ments indicated that the hydrogen peroxide e¡ect
was very rapid, detectable at time 5 min and signi¢-
cantly di¡erent from controls after a 15 min treat-
ment.
Fig. 1. Jurkat cells (clone D) were incubated in the presence of
di¡erent amounts of glucose oxidase (A), xanthine oxidase (B)
or menadione (C) and [3H]serine. After 2 h of incubation, cells
were pelleted and phospholipids extracted with chloroform/
methanol. The amount of [3H]serine incorporated into phospha-
tidylserine was measured after thin layer chromatography with
a radiochromatography scanner. Results are expressed as cpm/
106 cells. The results shown correspond to the mean þ S.D. of
two experiments each done in triplicate. When not apparent the
S.D. value was within the point.
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To see the speci¢city of this inhibition, we tested in
the same experimental conditions the synthesis of
PtdCho and PtdEtn by measuring the incorporation
of either [3H]choline or [3H]ethanolamine in their
respective phospholipid. No signi¢cant modi¢cation
of PtdCho or PtdEtn synthesis was observed with
H2O2 concentrations ranging from 0.1 to 100 WM.
As shown in Table 1, when Jurkat cells were
treated with either glucose oxidase or H2O2 in the
presence of catalase, PtdSer synthesis was not inhib-
ited. Because PtdSer synthesis can be regulated by
the amount of [3H]serine incorporated into the cells
through the plasma membrane serine transporter, we
measured the total [3H]serine uptake by the cells. No
signi¢cant reduction of [3H]serine incorporation was
observed, indicating that H2O2 acts on the serine-
base exchange enzyme system responsible for PtdSer
synthesis.
3.3. H2O2-induced inhibition of PtdSer synthesis is
independent of Ca2+ movements
In Jurkat cells as in other cell lines emptying intra-
cellular Ca2 stores results in an arrest of PtdSer
synthesis because PtdSer synthesis through the ser-
ine-base exchange enzyme system is a calcium depen-
dent process. An eventual e¡ect of H2O2 on Ca2
movements was tested in Indo-1 loaded Jurkat cells.
We ¢rst compared the e¡ects of CD3 monoclonal
antibodies and H2O2 in cells maintained in 1 mM
Ca2 containing medium and in the presence of
EGTA in order to complex all calcium ions con-
Fig. 3. Jurkat cells (clone D) were loaded with Indo-1 and
treated with either 1 Wg/ml CD3 mAbs (open symbols) or 1 mM
H2O2 (closed symbols). Changes in the £uorescence ratio of
Indo-1 (arbitrary units) corresponding to changes in cytosolic
Ca2 concentration were measured every 30 s for 5 min either
in the presence of 1 mM Ca2 in the medium (A) or in the
presence of 2 mM EGTA (B). Ca2 entry through the calcium
release activated channel was measured by treating the cells ¢rst
in EGTA containing medium then at time 5 min Ca2 was
added to the cell suspension (C) and changes in [Ca2]i were
measured for an additional 5 min period. Concentration depen-
dent changes in [Ca2]i induced by H2O2 (D,E) indicate that
H2O2 induced Ca2 movements with an EC50 = 300 WM.
Fig. 2. Jurkat cells (clone D) were incubated for 2 h in the
presence of increasing concentrations of H2O2 (A). In panel B,
the cells were left untreated (E) or treated with either 25 WM
(b) or 50 WM (F) H2O2 and incubated as a function of time.
The incorporation of [3H]serine into PtdSer was analyzed as in
Fig. 1. Results are expressed as cpm/106 cells.
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tained in the experimental medium. CD3 mAb gen-
erally used to activate Jurkat cells induced a rise in
the cytosolic Ca2 concentration due to both a re-
lease of Ca2 from intracellular stores and a Ca2
in£ux through the plasma membrane calcium release
activated channel (CRAC) (Fig. 3A,B). Similarly,
high concentrations of H2O2 1 mM induced a very
similar pro¢le of cytosolic Ca2 concentration
changes (Fig. 3A,B). In a second set of experiments,
cells were treated with either CD3 mAb or H2O2 in
EGTA containing medium, then Ca2 was added to
the cell suspension in order to visualize Ca2 entry
through the CRAC. The results obtained with CD3
mAb and H2O2 were quite similar (Fig. 3C). To
study whether these Ca2 changes were compatible
with the inhibition of PtdSer synthesis, a concentra-
tion dependent response was constructed (Fig.
3D,E). It was found that an H2O2-induced rise in
cytosolic Ca2 occurred with an EC50 = 300 WM,
i.e. 60-fold the amount necessary to inhibit PtdSer
synthesis. Accordingly, a role for the Ca2 move-
ments in the inhibition of PtdSer synthesis by H2O2
appeared unlikely.
3.4. H2O2-induced inhibition of PtdSer is independent
of protein tyrosine kinases
In Jurkat cells, it has been repeatedly shown that
H2O2 at high concentrations induces phosphoryla-
tion on tyrosine residues of numerous proteins, in-
cluding p56lck and p36/38 (LAT). Both LAT and
p56lck phosphorylation are related to Ca2 signaling
during T cell activation. Jurkat cells were thus
treated with di¡erent amounts of H2O2 from 0.01
to 10 mM for 5 min then solubilized and phospho-
tyrosine containing proteins were studied by electro-
phoresis in acrylamide gels (Fig. 4). Western blots
with anti-phosphotyrosine antibodies, visualized us-
ing ECL (Amersham) and autoradiography, indi-
cated that H2O2 induces tyrosine phosphorylation
of proteins with an EC50 near 300 WM. The p36/38
(LAT) protein was signi¢cantly phosphorylated at
H2O2 concentrations above 250 WM. These facts con-
¢rm a number of previous studies that have shown
that H2O2-induced tyrosine phosphorylation of pro-
teins occurs only at high concentrations. In addition,
we show here that both tyrosine phosphorylation of
proteins and Ca2 movements require similar con-
centrations of H2O2 while the inhibition of PtdSer
synthesis occurs at a concentration largely inferior.
3.5. H2O2-induced inhibition of PtdSer synthesis in
Jurkat clones
Because H2O2 appears capable to bypass both the
phosphorylation of proteins on tyrosine residues and
Ca2 signals, we compared the e¡ect of CD3 mAb
and H2O2 on Jurkat clones that di¡ers by the pres-
ence or absence of key proteins involved in the T cell
activation process.
It was found (Table 2) that CD3 mAb and H2O2
inhibit PtdSer synthesis in Jurkat clone D (J D) and
clone J E6.1. These two clones di¡er by the presence
(J D) or absence (J E6.1) of the tyrosine protein ki-
nase p72syk, indicating that this kinase was not nec-
Fig. 4. H2O2-induced tyrosine phosphorylation of proteins.
Cells (Jurkat clone D) were treated for 5 min with di¡erent
concentrations of H2O2 ranging from 0.01 to 10 mM. Total cell
lysates were separated by polyacrylamide gel electrophoresis
then proteins were transferred to nitrocellulose membranes and
probed with anti-phosphotyrosine antibodies and submitted to
autoradiography after ECL treatment. Total phosphotyrosine
containing proteins and phosphorylation of the p36/38 LAT
were evaluated after scanning of the autoradiograms.
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essary to induce the inhibition of PtdSer synthesis. In
the J R3 T3.5 clone, a Jurkat variant that does not
express the CD3/TCR complex, CD3 mAb was un-
able, as expected, to decrease PtdSer synthesis while
H2O2 remained active. In J P116, a mutant that does
not express either p72syk or ZAP-70 kinases, H2O2
inhibited PtdSer synthesis while the e¡ect of CD3
mAb was impaired. In J 45.01, a Jurkat mutant
that does not express the CD45 protein tyrosine
phosphatase, CD3 was unable to signi¢cantly reduce
PtdSer synthesis while H2O2 remained fully active. A
similar result was observed in J CaM 1.6, a mutant
that does not express the p56lck protein tyrosine ki-
nase.
3.6. The antioxidant butylated hydroxyanisole
(BHA) generates an increased PtdSer synthesis
Because our results indicate that PtdSer synthesis
might be regulated by the redox status of the cells,
we tested the e¡ect of BHA, a well known antioxi-
dant compound, on PtdSer synthesis. The results ob-
tained indicated that BHA increased 2-fold PtdSer
synthesis in a concentration dependent mode, with
an EC50 = 10 WM in the absence of changes in total
[3H]serine uptake by the cells.
4. Discussion
The results described herein indicate for the ¢rst
time that the oxidant H2O2 at low concentration
downregulates the activity of the serine-base ex-
change enzyme system responsible for PtdSer synthe-
sis in mammalian cells. This e¡ect appears speci¢c of
PtdSer because the synthesis of the other major
phospholipids, PtdCho and PtdEtn, was not signi¢-
cantly a¡ected by H2O2 treatment. Because PtdSer
synthesis is inhibited during Jurkat T cell activation
we compared the e¡ect of CD3 mAb and H2O2 on
the intracellular signaling process. T cell activation
by the CD3/T cell receptor complex (CD3/TCR) in-
volves the phosphorylation on tyrosine residues and
the activation of the protein tyrosine kinase p56lck
that in turn activates both ZAP-70 and p72syk ki-
nases. Then, the concerted action of these kinases
results in the phosphorylation and activation of
phospholipase CQ1. This phospholipase hydrolyzes
phosphatidylinositol bisphosphate into the two well
known second messengers, DAG and IP3. DAG is
responsible for the activation of protein kinase C
while IP3 is responsible for the release of Ca2
from intracellular compartments [20,21]. Emptying
the Ca2 intracellular stores deprives the serine-
BEES of its Ca2 cofactor and results in an inhibi-
tion of PtdSer synthesis [3^5]. As previously de-
scribed by others [10^15,22], we found that high
H2O2 concentrations (in the mM range) induce pro-
tein tyrosine phosphorylation and Ca2 signals. In-
terestingly, the phosphorylation on tyrosine residues
of p36/38, LAT (for linker for activation of T cells),
a ZAP-70 substrate implicated in the regulation of
Ca2 movements in T cells [23], was observed at
Table 2
Comparison of CD3- and H2O2-induced inhibition of phospha-
tidylserine synthesis in di¡erent Jurkat clones
Jurkat clones Treatment PtdSer synthesis (cpm þ S.D.)
J D None 420 þ 35
CD3 200 þ 42*
H2O2 225 þ 20*
J E6.1 None 341 þ 34
CD3 185 þ 25*
H2O2 175 þ 12*
J 45.01 None 537 þ 42
CD3 540 þ 25
H2O2 316 þ 12*
J R3 T3.5 None 462 þ 49
CD3 475 þ 36
H2O2 243 þ 15*
J CaM 1.6 None 625 þ 30
CD3 620 þ 43
H2O2 300 þ 27*
J P116 None 489 þ 16
CD3 485 þ 25
H2O2 235 þ 36*
Cells treated with either 1 Wg/ml CD3 mAb or 25 WM H2O2
were maintained in the presence of [3H]serine for 1 h then the
speci¢c incorporation of [3H]serine into phosphatidylserine was
evaluated after thin layer chromatography of phospholipids.
J D is a Jurkat clone that expresses both p72syk and ZAP-70
protein tyrosine kinases. J E6.1 expresses only ZAP-70. J 45.01
is a Jurkat clone that does not express the CD45 phosphatase.
J R3 T3.5 does not express the T cell receptor complex. J P116
expresses neither p72syk nor ZAP-70 and J CaM 1.6 does not
express the p56lck tyrosine kinase.
*Signi¢cantly di¡erent from controls at P6 0.01.
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H2O2 concentrations (in the mM range) similar to
that necessary to obtain the Ca2 signals. Concen-
tration dependent response curves demonstrated that
in H2O2 treated cells the phosphorylation of proteins
and the Ca2 signals are closely related. In addition,
the Ca2 signals generated by either CD3 or H2O2 in
Jurkat cells maintained in 1 mM Ca2 containing
medium or in EGTA were quite similar. Both treat-
ments induced biphasic Ca2 movements, ¢rst a re-
lease of Ca2 from intracellular stores then a Ca2
in£ux through a calcium release activated channel.
Even though H2O2 and CD3 inhibited PtdSer syn-
thesis, it appeared clearly that H2O2-induced inhibi-
tion of the serine-BEES was achieved at a con-
centration (IC50 = 5 WM) largely inferior to the
concentration necessary to obtain protein tyrosine
phosphorylation and Ca2 movements (EC50 = 300
WM). This indicated strongly that H2O2 is able to
bypass the CD3/TCR-induced signals. To con¢rm
this hypothesis, we tested several Jurkat clones that
di¡er by the presence or absence of either membrane
receptors or tyrosine kinases involved in CD3/TCR
signaling. The CD3-induced inhibition of PtdSer syn-
thesis was observed in the J D clone that expresses
both p72syk and ZAP-70 and in the J E6.1 clone that
expresses only ZAP-70 [24]. As expected, CD3 mAb
was unable to inhibit PtdSer synthesis in the J R3
T3.5 clone that does not express the CD3/TCR. Sim-
ilarly, CD3 mAb was unable to inhibit the serine-
BEES in the J 45.01 clone and in the J CaM 1.6
clone. These two clones cannot be activated with
CD3 mAbs, because in the ¢rst one the lack of the
CD45 phosphatase does not allow the activation of
p56lck by dephosphorylation of its Tyr-505 [25^27]
and in the second one p56lck is not expressed [28].
Also, CD3 was unable to modify PtdSer synthesis in
J P116 that does not express ZAP-70, a key molecule
for T cell activation [29]. By contrast, H2O2 at low
concentrations was able to decrease PtdSer synthesis
in all the clones studied. Consequently it appeared
that the membrane receptors (CD3/TCR and CD45)
and the major protein tyrosine kinases (p72syk, ZAP-
70 and p56lck) are dispensable for H2O2-induced in-
hibition of PtdSer synthesis.
In conclusion, H2O2 directly added to Jurkat cells
or generated in the culture medium by the action of
either glucose oxidase, menadione or the couple xan-
thine/xanthine oxidase results in a strong inhibition
of PtdSer synthesis that is fully reversed by incuba-
tion with catalase. PtdSer synthesis inhibition is pos-
sibly due to a direct action of H2O2 on the serine-
base exchange enzyme system, although this sug-
gested possibility remains to be de¢nitively proved.
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